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X-RAY EMITTING SYSTEM AND METHOD 



TECHNICAL FIELD OF THE INVENTION 

The present invention relates to a system and method for emitting x-rays, 
and more specifically, the invention relates to a system and method for 
administering a desired x-ray dose from an x-ray device. 
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BACKGROUND OF THE INVENTION 

X-ray emitters such as x-ray catheters typically consist of an anode and 
cathode assembly mounted in a miniature vacuum tube. During operation, a 
high DC voltage (1 5 to 35 kV) is applied to the assembly from a power source. 
A high electrical field in the anode-to-cathode gaps causes an electron field 
emission from the cathode surface. The electrons, emitted into the vacuum gap, 
are accelerated by the electrical field and strike the anode, radiating x-ray energy 
as they are stopped. 

The emission properties of a thermionic cathode, or hot cathode, depend 
on the temperature of the cathode surface. A hot cathode utilizes an additional 
electrode providing a low voltage current for heating the cathode surface. The 
emission properties and the current at the anode are improved by elevating the 
cathode surface temperature. Furthermore, the anode current and voltage can 
be controlled and stabilized independently from each other. 

A field emission cathode, or cold cathode, may be preferred to a hot 
cathode in medical procedures and other applications. The cold cathode 
provides a smaller size and lower operating temperature due to the lack of the 
heating electrode. In a cold cathode, the value of the field emission current is 
exponential function of the applied voltage. Therefore, the cold cathode cannot 
provide independent control of the voltage and current. 



X-ray catheters are utilized during medical procedures including 
percutaneous transluminal coronary angioplasty (PTCA) and when irradiation of 
vessels or body cavities is required. The successful operation of the x-ray 
5 catheter requires the ability to administer a precise radiation dose to a target 
area The inherent instability of electron emission from cold cathodes provides a 
technical difficulty in designing power supplies for the catheters. Ideally, the 
voltage and current should be measured so that the irradiation dose can be 
calculated in real-time. The calculated dose could then be adjusted to 
10 correspond to a desired dose for the given application. 

At least two strategies exist for measuring and controlling the irrad.at.on 
dose emitted from x-ray devices including field emission cathodes. One method 
3 monitors and integrates current while voltage is stabilized. The total 

S accumulated dose is calculated as proportional to the eiectric charge , passed 

? ,5 through the emitter. A narrow set of stabilized operating voltages (18 to 21 KV), 

V however, is required to maintain the irradiation rate at a nominal value. 

5 Another method utilizes high voltage pulses with stabilized amplitude. The 

US Patent No 6,069,938 issued May 30, 2000 to Chornenky ef al. is an 
S example of a method and x-ray device using a pulse high voltage source. In the 

ft 20 Chornenky patent, current passing through the x-ray emitter is measured and 

O integrated. Rectangular voltage pulses with stabilized amplitude and known 

cycle are applied to the emitter. The average electrical current is stabilized by 
changing the width of the pulses, thus stabilizing the irradiation rate and 
controlling dose. The technical difficulty of switching high voltage power up and 
25 d0 wn is not desirable from a manufacturing and cost viewpoint. 

The disclosed and other strategies may provide a stable and controlled 
irradiation dose rate. The current designs, however, have limitations includmg 
,arge unit size and cost, heat generation, and narrow operating voltage range. 
Therefore, it would be desirable to achieve an x-ray device with a stabbed 
30 irradiation rate that overcomes the aforementioned and other disadvantages. 
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SUMMARY OF THE INVENTION 

OneaspectoftheinveMionprovidesasystemforemi^ngx-rayo 

nl an x ray emitter, a controller operably connected to the x-ray em,tter, 
, h^ri on a received current sensor signal and a received voltage 

be determined according to. D - f x I x iv v 0 j 
atadistancerfromtheeminer.fisacon^ 
emitter.Visavoltage applied across an anode and a cathode, and V„ ,s a 

M ""^Itheraspectoftheinventionprovidesforamethodofoperatinga 
r^mJHn B cur^andvo W ^*-^«^. m »' m 

select the desired dose rate. 
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Yet another aspect of the invention provides for a computer usable 

rate , adjusting the applied voltage, and matching the actua, dose rate to the 

deSired T "oin g and other features and advantages of the invention will 

lerred embodiments, read in function with the accompany^ draw ^. 
Z detailed description and drawings are merely illustrative of the — 
ler than limiting, the scope of the invention being defined by the appended 
claims and equivalents thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. i is a schematic overview of one embodiment of the present 

RG^is a schematic diagram showing an actua, dose rate as a function 
of time in another embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 

controller 25 operably connected to the x-ray emitter 21 , a current sensor 28 
openly connected to the programmable controller 25, and a voitage sensor 27 
operably connected to the programmable controller 25. 

Another embodiment o, the invention provides foramethod of o P era„nga 
k oo on v rav emitter 21 , comprising: applying a 

lage comparing a desired dose rate to the actua, dose rate, ad,ust,ng the 



Q 

in 

lu invention; and 
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configuration and operation o, the aforementioned system n*£m 

Tne x . ray emitter 21 of the present invention may be a field em,ss,on 
diode including an anode and a cathode arranged within • * 
5 produce x-ray radiation. The cathode may include a ton d.amond f,lm, and may 

within the housing, as described is U.S. patent applica„on Ser. No. 08/806^44, 
Ihich is incorporated by reference herein. Examples of suKabie x = - of 
this appiication. components o, the emitter, and various dei,very systems for 
10 positi ingsuchacatheterinapassagewithinapatientsbodyhavebeen 
^Ldlotherpatents. -V--rsaredisc,osedinU.S.pa,entN^ 
6,108,402 issued August 22, 2000 to Chomenky and U.S. patent No. 
issued to ChornenKy e, a,, and are incorporated by reference 
% examplesofde,iverydevices,syste m sandmethodsthatmayeusd^ 

5 15 x . ray emitteraredescnbed in U.S. patent No. 6,210,312 issued Apnl 3 2001 to 

ffl Nagy and U.S. patent No. 6,183,410 issued February 6, 2001 to Jacobsen e, a, 

- and are incorporated by reference herein. 

3 patie nfsbody. One sKiiled in the art can recognize that the x-ray emitter 21 may 

Medtouseinahumanbody. The x-ray emitter 21 may be connected to the 

ul The,rayemitter21 and cabie 23 may be inserted into the pafents body 
ri suitabiebioodvessei and advanced through the vesse, to the des.red 

high vlge power source 26 and the cabie 23. The cabie 23 may be connected 

ma nydifferent high voitage power sources may be used w,th the present 
30 rnetion.,noneembodiment,thehighvo,ta g epowersource26sup, l 

vo,tagerangingfromabout15,o35KVandcurrentrang l n g .romabout10to100 
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mi oroa mP e re s to the x-ray emitter 21. The voitage sensor 27 m ay be used to 
The current sensor 28 may be used to measure a current through the x-ray 
; sensors may be used with this embodiment. For example, a voitmeter may be 
current In one embodiment, the voltage sensor 27 and the current se sor 28 

0 ooerably connected to the current sensor 28 and the programmable controller 

The x-ray system 1 0 and method may further include a catheter pull-ba* 
assembly 24. The catheter pull-back assembly 24 may include a body w,th a 

15 IthecabieZSmaybeconnectedtothecarriage. By sliding the carnage on 
he dyo.theoatheter P u„-bacKasse m bly24,thecable23mayberetrac^ 
lilt sheath22, thereby moving the x-ray emitter 21 . The catheter P u,,-bacK 
assembly 24 may further include means for actuating the carnage from a 

20 rthecarria g ecanbeactu a tedbyacontro,means,suchaselectromo«o30 

also be controlled by hand. 

The programmabie controller 25 may be connected to the h,g v tage 
power soure26 and uitimately may determine the supplied voitage to thex-ray 
25 e Ier21.Theprogrammab,econtro,,^ 

oLroprocessorCs), circuit board(s,, component(s,, and input and ou pu, 
devices depending on the particular intended use of the invent™. The 
programmable controller 25 may run an algorithm in the form of a com u er 

30 big voltagepowersource26. The computer program may deterr^ne an acual 
se rate I! on the measured current and voltage, compare a des.red dose 
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rate to the actual dose rate, adjust the app.ied voltage, and match the actual 

27 and the current sensor 28 and may be connected to the curren ,nt grato 29 
an 1 catheter pull-bacK assembiy 24. In one embodiment, an elector 

Jntroller25toprovideforasharingofmeasuremen.s. in one embod.men, a 
assembly 24 to the programme controller 25, may be made toe trol 

Tactual dose rate to match a predetermined dose rate. A— • e 

radi al target area with increasing treatment radius. An opera^ such asa 
, physician performing the x-ray irradiation procedure, may seiect the 
oredetermined dose rate and a total predetermined dose. 
' n one embodiment, the actual dose rate may be caicuiated base a 
, la- D - f x I x (V-V„) 2 wherein D is the actual dose rate at an nadrton 
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♦ u,^h tabulated This tabulation, for example, may 

*. «.««^— -"—°- , " >| 

~„ n n and minima 32, Umin. a' e 
balanced by the programmable controller. As 
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In one embodiment, the ray , athe teri Z ation. The x-ray 

in a patient, body according to Known treated with 

treatment area such that it may u be 

entered as treatment parame er. Th P ^ ^ 

x-ray penetration. ™* "J ^ ™ ^ ^Vhen the x-ray emitter 21 is in its initial 
and the medical cond,t,on to be treated^ W 

begin. High voltage may be supplied to the ray 
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